New redox labelling of DNA by an azido group which can be chemically transformed to nitrophenyltriazole or silenced to phenyltriazole was developed and applied to the electrochemical detection of DNA-protein interactions. 5-(4-Azidophenyl)-2 0 -deoxycytidine and 7-(4-azidophenyl)-7-deaza-2 0 -deoxyadenosine nucleosides were prepared by aqueous-phase Suzuki cross-coupling and converted to nucleoside triphosphates (dNTPs) which served as substrates for incorporation into DNA by DNA polymerase. The azidophenyl-modified nucleotides and azidophenyl-modified DNA gave a strong signal in voltammetric studies, at À0.9 V, due to reduction of the azido function. The Cu-catalyzed click reaction of azidophenyl-modified nucleosides or azidophenyl-modified DNA with 4-nitrophenylacetylene gave nitrophenyl-substituted triazoles, exerting a reduction peak at À0.4 V under voltammetry, whereas the click reaction with phenylacetylene gave electrochemically silent phenyltriazoles. The transformation of the azidophenyl label to nitrophenyltriazole was used for electrochemical detection of DNA-protein interactions (p53 protein) since only those azidophenyl groups in the parts of the DNA not shielded by the bound p53 protein were transformed to nitrophenyltriazoles, whereas those covered by the protein were not.
Introduction
Electrochemical detection of redox-labelled DNA 1 is an alternative to uorescence techniques for DNA sequencing and diagnostics. However, despite the extensive research and number of available oxidizable or reducible labels, 2 the redox labelling of DNA oen suffers from problems with sensitivity, stability and cross-reactivity of the labels. On the other hand, the use of several labels offers access to direct redox coding of DNA.
3 To the best of our knowledge, applications of redox labelling and electrochemistry for studying DNA-protein interactions are still relatively scarce, limited to techniques based on changes in DNA-mediated charge transfer upon the protein binding (developed by J. K. Barton's group 4 ) and our recent studies utilizing immunoprecipitation at magnetic beads.
5
Most known methods for detection and footprinting of those interactions 6 are based on specic enzymatic or chemical cleavage of DNA.
7
Copper(I)-catalyzed azide-alkyne cycloaddition (CuAAC or click reaction) is one of the most important bioorthogonal reactions 8 and has been widely used for modications of oligonucleotides (ONs) and DNA. 9 Due to better compatibility with phosphoramidite synthesis, triphosphorylation and polymerase incorporations, base-modied nucleotides bearing an acetylene are typically incorporated into ON or DNA and are then clicked with an azido-derivative of the other component.
10
Only recently, 5-azidomethyl-dUTP has been synthesized and used for metabolic labelling through polymerase incorporation and click reaction with a uorescent acetylene. 11 We have envisaged the azido group 12 as a new redox label suitable for electrochemical detection but also transformable to another redox label through the click reaction.
Results and discussion

Synthesis of modied nucleosides and triphosphates
Our strategy for the synthesis of labelled ONs and DNA relied on polymerase-catalyzed incorporations 13 of base-modied nucleotides. The modied dNTPs, required as substrates, are available through triphosphorylation of modied nucleosides. The synthesis of the azidophenyl-modied nucleosides was based on a Suzuki-Miyaura cross-coupling reaction of the unprotected halogenated nucleosides 5-iodocytidine (dC I ) and 7-deaza-7-iodoadenosine (dA I ) with 4-azidophenyltriuoroborate (1).
14
The reactions were performed in the presence of a PdCl 2 (dppf) catalyst and Cs 2 CO 3 in MeOH and gave the desired modied nucleosides (dC A and dA A ) in good yields of 58 and 63% (Scheme 1, Table 1 , entries 1 and 2). A Huisgen-Sharpless CuAAC reaction 15 between the azidophenyl-modied nucleosides (dC A and dA A ) and an alkyne (phenylacetylene 2 or 1-ethynyl-4-nitrobenzene 3) in the presence of copper(II) sulfate pentahydrate and sodium ascorbate as a reducing agent in tBuOH-H 2 O (1 : 1) was used for the synthesis of 1,4-disubstituted 1,2,3-triazoles (dN TP and dN TNO2 ) in good yields of 40-94% (Scheme 1, TP and dC TNO2 TP were subjected to an electrochemical study using cyclic voltammetry at a hanging mercury drop electrode (HMDE; Fig. 1 ). The azidophenyl modied nucleotides dA A TP and dC A TP exerted a strong reduction peak at À0.9 V (peak N red 3 ), whereas the phenyltriazole derivatives dA TP TP and dC TP TP did not produce any redox signals from the label. The nitrophenyltriazole derivatives dA TNO2 TP and dC TNO2 TP gave a strong reduction peak at À0.4 V, due to the reduction of the nitro group (peak NO red 2 ). Since the azidophenyl derivatives are easily transformed to both types of triazole by CuAAC reactions with alkynes, the click reaction with phenylacetylene can be used for silencing of the redox signal of the azido group whereas the click reaction with nitrophenylacetylene can be used for transformation of one redox label (azido) into another (nitro), exerting a different redox potential (vide infra for analytical applications of this nding).
Enzymatic synthesis of modied DNA
The next goal was the polymerase-catalyzed synthesis of DNA bearing azidophenyl labels and the study of their conversion to (nitro)phenyltriazole groups by CuAAC of the azidophenyl modied DNA with acetylenes 2 or 3. For comparison, the direct incorporation of triazole-modied nucleotides using dN TP TPs and dN
TNO2
TPs as substrates, leading to the same triazolemodied DNA molecules, was also tried.
The enzymatic incorporations of the azidophenyl modied nucleotides were studied using a primer extension (PEX) process, with dN A TPs as the substrates together with a 19 nt template, a radiolabeled 15 nt primer and a DNA polymerase, KOD XL (Fig. 2) or Pwo (Fig. S1 in the ESI †), and the products were analyzed by sequencing polyacrylamide gel electrophoresis (PAGE). In all cases fully extended products were obtained.
Then we performed a simple kinetics study to explore the efficiency of the PEX with the modied dN A TPs in comparison to natural dNTPs. The rates of the PEX using Pwo DNA polymerase with temp C (for C, without natural dGTP), temp Aterm (for A) and prim rnd were compared (see Table 2 ). The reaction mixtures were incubated for the time intervals indicated, and then the reactions were stopped by the addition of PAGE loading buffer and immediate heating. The incorporation of the natural nucleotides was nished in 1-2 minutes whereas the PEX with dN A TPs took ca. 1-10 minutes to complete ( Fig. S3 and S4 in the ESI †), but the synthesis was always completed within 10 minutes.
The multiple incorporations of dN A nucleotides into random sequences were tested using a 31 nt template in the presence of KOD XL (Fig. 3) , Pwo (Fig. S5 in the ESI †) or Vent (exo-) (Fig. S6 in the ESI †). PEX reactions with both modied dN A TPs in the presence of any of these polymerases were successful, giving full-length products in PAGE analyses (Fig. 3, lane 5 and 8) .
In order to study the CuAAC click modication, the azidophenyl-labelled dsDNA was synthesized on a larger scale (increased 10 times) and the PEX products were puried using a QIAquick Nucleotide Removal Kit to remove the dNTPs. Then the Cu(I)-catalyzed CuAAC reaction of the azidophenyl-labelled dsDNA with phenylacetylene or 1-ethynyl-4-nitrobenzene was performed under standard conditions in the presence of CuBr, TBTA (tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]amine) ligand and sodium ascorbate, in aqueous tBuOH-DMSO (1 : 3) at 37 C for 2 hours. The products were puried once again and analyzed by PAGE (Fig. 3, lane 6, 7, 9, 10) Tx nucleotides were successfully incorporated into DNA (Fig. 4, lane 4, 5, 8, 9) . In multiple incorporations, dC Tx TPs gave fully extended products (Fig. 5, lane 5, 7, 8) , whereas for the PEX using dA TNO2 TP (Fig. 5, lane 6 ) the product stopped in the same line as the negative control A-, probably due to steric hindrance of the bulky nitrophenyltriazolylphenyl group.
Electrochemistry of the modied DNA
The voltammetric properties of modied DNA (the PEX products) containing A A or C A were studied by using cyclic voltam- ) show an irreversible cathodic peak at around À0.9 V due to reduction of the azido group (peak N red 3 , Fig. 6 ). A detailed study of the electrode reaction mechanism will be published elsewhere. In a negative control experiment of PEX reactions with no polymerase added to the mixture, no signal corresponding to the azido group was detected, which excludes the presence of unremoved dN A TPs in the mixture. PEX products containing azido groups A A or C A were transformed by click reaction to PEX products containing phenyltriazole groups A TP or C TP , with no redox signal from the label being observed (blue curves). On the other hand, the CuAAC click reaction of N A -modied DNA with nitrophenylacetylene provides DNA products containing nitrophenyltriazole groups A TNO2 and C TNO2 , which produce the irreversible cathodic peak at around À0.4 V due to the reduction of the nitro group (peak NO red 2 , Fig. 6 ). For comparison, we also prepared PEX products containing the N TP and N TNO2 modications by polymerase-catalyzed incorporation of the corresponding triazole-modied dN Tx TPs.
Voltammetric responses of the PEX products were again measured at a HMDE and Fig. 7 conrms the irreversible cathodic peak NO red 2 at around À0.4 V corresponds to PEX products containing the nitrophenyltriazole label whereas PEX products containing the phenyltriazole label did not produce any redox signals from the label.
Application of the click transformations of the redox labels in detection of DNA-protein interactions DNA-protein interactions are of paramount importance in DNA recombination, transcription, methylation and repair. The current techniques available for footprinting of these interactions are mostly based on specic DNA cleavage. 6, 7 Based on our encouraging results in the transformation of an azido redox label to nitrophenyltriazole, we envisaged that this approach could be used as a new method for the detection of protein-DNA interactions (Scheme 2). We assumed that if we CV responses at a HMDE of PEX products synthesized with a temp rnd16 template and dNTP mixes containing a dN A TP conjugate (as specified in the legend) complemented with three respective unmodified dNTPs and PEX products after click reaction with (nitro) phenyltriazole. Peak G corresponds to oxidation of a reduction product of guanine generated at the electrode.
1a For full CV scans and other details see incorporate several azidophenyl-modications into a DNA probe, incubate the probe with a protein and then perform the CuAAC click reaction with nitrophenylacetylene, only the freely accessible azido-groups (not shielded by the protein) should be transformed to nitrophenyltriazoles and the ratio of azido/nitro redox signals should indicate whether the protein was bound to the DNA and how large was the sequence of contact.
To test this idea, we chose a GST-tagged DNA binding (core) domain of tumor-suppressor protein p53 (ref. 17 and 18) (p53CD_GST) as a biologically relevant example of a sequencespecic 19 binder to DNA. We have previously shown that p53 retained binding to a specic DNA sequence containing vinylsulfonamide modications in the major groove, which efficiently cross-linked with a cysteine of p53 through Michael addition. 20 We prepared two different sequences of 50-bp DNA by PEX (using KOD XL polymerase and template temp p53_1a2G or temp p53_2CON_4 ) in which 6 azido-groups are inside and 6 azidogroups are outside of the sequence specically recognized by p53. Both azido-modied dN A TPs gave full length ON-products which were characterized by PAGE ( Aer successful synthesis of the azido-modied DNA, it was incubated with different ratios of p53CD_GST protein to test its binding activity. The recognition of the binding sequence by p53CD_GST was monitored by 6% native PAGE (Fig. 9a , lane 1-10, and Fig. S8 in the ESI †). For further experiments we decided to use 1.2 equiv. of protein p53CD_GST (under these conditions the modied DNA was quantitatively bound by the protein, forming predominantly a 1 : 1 p53-DNA complex, Fig. 9 ). Then it was necessary to test the thermal stability of the DNA-protein complex (DNA_p53CD_GST complex), by incubating the created DNA_p53CD_GST complexes at the stated temperatures for 1 h. The DNA_p53CD_GST complex was found to be stable at 20 C for 1 hour ( Fig. S10 and S11, † lane 3). At higher temperatures, the binding of p53 to DNA is inefficient ( Fig. S10 and S11, † lane 5).
Transition metals, such as nickel, copper, cobalt and zinc, in high concentrations may also cause the inhibition or disruption of DNA-protein binding.
21 Therefore the stability of the DNA_p53CD_GST complex under different Cu I concentrations was studied. DNA_p53CD_GST complexes were mixed with different concentrations of CuBr solution in the presence or absence of a TBTA ligand at 20 C for 1 h.
Relatively low concentrations of CuBr (10 mM) prevent the inhibitory effect due to copper from occurring on binding of p53 to DNA ( Fig. S12 and S13, † lane 6 and 7). At higher concentrations of CuBr (20 mM), the binding of p53 to DNA is completely inhibited (Fig. S13 and S14, † lane 8 and 9) . For the next experiments we decided to use 5 mM CuBr. In the last control experiment, we tested the stability of the DNA_p53CD_GST complex during the CuAAC click reaction. The DNA_p53CD_GST complex was mixed with 0.5 mM 4-nitrophenylacetylene, 5 mM CuBr, 25 mM TBTA ligand, 65 mM sodium ascorbate at 20 C for 1 h. Then we proceeded to the experiments involving electrochemical detection of DNA-protein interactions. The 50-bp dsDNA containing 12 azidophenyl groups was prepared by PEX with temp p53-1a2G template, and the CV showed the characteristic peak for N 3 reduction at À0.9 V (Fig. 10 , red curve). This A Alinked DNA was then reacted with nitrophenylacetylene (3) under the previously optimized conditions (suitable for survival of DNA-protein complexes), in the presence of CuBr, TBTA and sodium ascorbate and in the absence of p53CD_GST, to show that full conversion of all the azido-groups to nitrophenyltriazoles occurred, which was conrmed by the disappearance of the signal at À0.9 V and appearance of a new signal at À0.4 V due to reduction of the NO 2 group (Fig. 10 , green curve). In a further experiment, the A A -linked DNA was incubated with 1.2 equiv. of p53CD_GST (for 45 min on ice) to form a complex and then treated with nitrophenylacetylene (3) under the above mentioned conditions, followed by denaturation. The voltammetric analysis of the product (Fig. 10 , violet curve) revealed a ca. 50% decrease in intensity of the peak N red 3
for reduction of azido-group and an increase of the peak NO red 2 corresponding to the reduction of the nitro group (to ca. 50% intensity compared to the reaction in the absence of p53). This conrms that only those azido-groups which are not shielded by protein binding can undergo the click transformation to nitrophenyltriazole, whereas the N 3 groups covered by the protein remain intact. As a control, we performed the CuAAC reaction of A A -linked DNA in the presence of bovine serum albumin (BSA), which does not bind DNA, and obtained the same results as for the experiment conducted in the absence of any protein (Fig. 10 , black curve, all azido groups were converted to nitrophenyltriazoles). Almost identical results were obtained with A A -modied DNA synthesized using the temp p53-2CON4 template ( Fig. S19 and S20 †).
Conclusions
We have designed and prepared nucleosides and dNTPs bearing azidophenyl groups and developed a polymerase mediated incorporation of azido-modied nucleotides into DNA by primer extension using these dN A TPs as substrates. Both nucleotides and DNA bearing the azidophenyl modications exert a strong reduction peak around À0.9 V under voltammetry. The azidogroup readily undergoes a CuAAC click reaction with phenyl-or nitrophenylacetylene under conditions compatible to working with dsDNA and DNA-protein complexes. The phenyltriazolemodied dNTPs do not produce any reduction signals in the voltammetric scans, and so the transformation of the azidomodication to a triazole results in silencing of the voltammetric signal. On the other hand, the nitrophenyltriazoles (resulting from CuAAC transformation of the azides with nitrophenylacetylene) give a strong reduction signal at À0.4 V. Thus the azidophenyl modied nucleotides are useful redox labels for DNA, which can be easily either silenced or transformed to a different redox label with a distinctly different redox potential. This transformation was utilized in the detection and mapping of DNA-protein interactions. When an A A -containing DNA is incubated with a protein, binding to a part of its sequence, and then undergoes the CuAAC reaction with nitrophenylacetylene, only the free azido-groups not covered by the protein would react whereas the azides in close contact with the protein remain intact. The electrochemical readout is used for the analysis of the outcome and one can not only distinguish whether or not the protein formed a stable complex with the DNA but also directly deduce the length of the sequence in contact with the particular protein (from the ratio of transformed versus not transformed labels resulting from analysis of changes in intensity of the corresponding redox peaks in voltammetry). Apparently, by the proper design of a series of differently labelled probes, one could even determine the binding sequences for DNA-protein footprinting. Moreover, the method has potential for being conducted in parallel and applied to high-throughput screening of ligands that interfere with protein-DNA binding. Since the azidogroup can be photolyzed to reactive nitrenes, 22 the azido-modied DNA could also be applied to cross-linking with proteins. Studies along these lines and toward practical applications of this approach will continue in our laboratories. [D 6 ]DMSO (reference to the residual solvent signal) as the solvent. Chemical shis are given in ppm (d scale) and coupling constants (J) in Hz. Complete assignment of all NMR signals was achieved using a combination of H,H-COSY, H,C-HSQC, and H,C-HMBC experiments. Mass spectra were measured with a LCQ classic (Thermo-Finnigan) spectrometer using ESI or a Q-Tof Micro spectrometer (Waters, ESI source, internal calibration with lockspray). Semipreparative separation of nucleoside triphosphates was performed using HPLC on a column packed with 10 mm C18 reversed phase (Phenomenex, Luna C18 (2)). IR spectra were measured using the ATR technique or by using KBr discs. High-resolution mass spectra were measured using an ESI ionization technique. Mass spectra of the functionalized DNA were measured using Maldi-TOF, Reex IV (Bruker) with a nitrogen laser. Melting points were determined on a Koer block. Known starting compounds were prepared by literature procedures (compound potassium 4-azidophenyltriuoroborate 14 ).
Experimental section
Method A: Suzuki-Miyaura cross-coupling reaction
To a glass vial containing a stirrer bar was added halogenated nucleosides dN I (0.1 g, 0.2 mmol), potassium 4-azidophenyltriuoroborate (95 mg, 0.4 mmol, 1.5 equiv.), Cs 2 CO 3 (0.27 g, 0.8 mmol, 3 equiv.) and PdCl 2 (dppf) (21 mg, 0.02 mmol, 10 mol%). The vial was sealed with a septum and methanol (5 mL) was added via syringe. The reaction was heated in an oil bath at 80 C for 2 h until complete consumption of the starting material occurred (the reaction was monitored by TLC), and then the reaction mixture was cooled to rt. The solvent was evaporated in vacuo. The products were puried by silica gel column chromatography using chloroform-methanol (0-10%) as the eluent.
Method B: triphosphorylation -synthesis of the modied nucleoside triphosphates dC A TP, dA A TP. Dry trimethyl phosphate (0.11 mL) was added to an argon-purged ask containing a nucleoside analogue dN A (0.06 mmol, 1 equiv.) which was cooled to 0 C on ice, followed by the addition of POCl 3 (7 mL, 0.07 mmol, 1.2 equiv.). Aer 4 h, a solution of (NHBu 3 ) 2 H 2 P 2 O 7 (180 mg, 0.3 mmol, 5 equiv.) and Bu 3 N (0.06 mL, 0.3 mmol, 4.2 equiv.) in dry DMF (0.5 mL) was added to the reaction mixture and the mixture was stirred for another 1.5 h and then quenched using 2 M TEAB buffer (1 mL). The product was isolated from the crude reaction mixture using HPLC on a C18 column with the use of a linear gradient of 0.1 M TEAB (triethylammonium bicarbonate) in H 2 O to 0.1 M TEAB in H 2 O-MeOH (1 : 1) as the eluent. Several co-distillations with water and conversion to the sodium salt form (Dowex 50WX8 in Na + cycle) followed by freeze-drying from water gave the solid product. : 3464, 3363, 1647, 1482, 1457, 1411, 1353, 1254, 1187, 1096, 1042, 1026, 956 3454, 3320, 3206, 1657, 1643, 1606, 1519, 1481, 1411, 1341, 1289, 1180, 1108, 1033, 855, 786, 636, 526 templates were incubated for specic time intervals (0.1-10 min), and then the reaction was stopped by addition of a PAGE loading buffer and immediate heating. Click reaction of the PEX product DNA. 23 ( Fig. 2) dsDNA obtained by the PEX experiments was puried using Qiagen Nucleotide Removal Kit purication columns. A solution of the Cu(I) catalyst (10 mM) was freshly prepared just before the reaction by mixing CuBr (1 mL, 50 mM in DMSO-tBuOH 3 : 1), TBTA ligand (4 mL, 100 mM in DMSO-tBuOH 3 : 1) and DMSOtBuOH 3 : 1 (3 mL). To the DNA solution (50 mL, 50 ng mL À1 ), a solution of acetylene (phenylacetylene or 1-ethynyl-4-nitrobenzene) (30 mL, 10 mM in DMSO), sodium ascorbate (2 mL, 5 mM in water), pre-complexed Cu(I) and 10 mL DMSO-tBuOH 3 : 1 were added. The mixture was incubated for 2 h at 37 C and with 500 rpm stirring. Aer the reaction, the crude mixture was puried once again and then was desalted using dialysis membranes (Millipore).
Binding study using p53CD_GST protein: native analysis of reaction mixtures with different p53CD_GST/DNA ratios. The reaction mixture (100 mL) contained primer (prim 15 , 10 mL, 3 mM), template (template p53_1a2G /temp p53_2CON_4 , 12 mL, 3 mM), KOD XL DNA polymerase (1 mL, 2.5 U ml
À1
) and dNTPs (either all natural or 3 natural and 1 modied, 5 mL, 4 mM) in KOD XL reaction buffer (10 mL) supplied by the manufacturer. Primers were labelled on their 5 0 -end by use of [g 32 P]-ATP according to standard techniques. The reaction mixture was incubated for 45 min at 60 C in a thermal cycler and puried using a QIAquick Nucleotide Removal Kit (Qiagen). The PEX-product was eluted from the column using H 2 O (pH 7.7, 50 mL). The reaction mixtures for p53CD_GST protein binding (10 mL) were prepared from the puried PEX-product (5 mL, 10 ng ml À1 ), 50 mM KCl, 5 mM tris pH 7.6 and p53CD_GST stock solution (750 ng ml
, 25 mM Hepes pH 7.6, 200 mM KCl, 10% glycerol, 0.1 mM PPh 3 ; 0.4, 0.7, 1.2, 1.7 equiv.). A control sample was prepared analogously without p53CD_GST. All samples were incubated for 45 min on ice, then glycerol was added (60%, 2 mL) and a part of the reaction mixture (3 mL) was separated by use of a 6% native PAGE (acrylamide/bisacrylamide 37.5 : 1; 4 C, 400 V/2.5 hours).
Visualization was performed using phosphoimaging (Fig. 9a,  Fig. S8 †) . Thermal stability of protein-DNA complexes ( Fig. S10 and S11 †). The reaction mixtures for p53CD_GST protein binding (40 mL) were prepared from the puried PEX-product (20 mL, 10 ng ml À1 ), 50 mM KCl, 5 mM tris pH 7.6 and p53CD_GST stock solution (750 ng ml À1 , 25 mM Hepes pH 7.6, 200 mM KCl, 10% glycerol, 0.1 mM PPh 3 ; 1.2 equiv.). A control sample was prepared analogously without p53CD_GST. Samples were incubated for 45 min on ice and then were divided into four vials and exposed to four different temperatures (0 C, 20 C, 37 C, 50 C) for 1 hour, then glycerol was added (60%, 2 mL) and a part of the reaction mixture (3 mL) was separated by use of a 6% native PAGE (acrylamide/bisacrylamide 37.5 : 1; 4 C, 400 V/2.5 hours). Visualization was performed using phosphoimaging. Cu I concentration dependence of the stability of the protein-DNA complexes ( Fig. S12 and S13 †). The reaction mixtures for p53CD_GST protein binding (80 mL) were prepared from the puried PEX-product (40 mL, 10 ng ml À1 ), 50 mM KCl, 5 mM tris pH 7.6 and p53CD_GST stock solution (750 ng ml
, 25 mM Hepes pH 7.6, 200 mM KCl, 10% glycerol, 0.1 mM PPh 3 ; 1.2 equiv.). A control sample was prepared analogously without p53CD_GST. Samples were incubated for 45 min on ice and then were divided into eight vials and were incubated with various concentration of CuBr (5 mM, 10 mM, 20 mM) with/ without the presence of the ligand TBTA at 20 C for 1 h, then glycerol was added (60%, 2 mL) and a part of the reaction mixture (3 mL) was separated by use of a 6% native PAGE (acrylamide/bisacrylamide 37.5 : 1; 4 C, 400 V/2.5 hours).
Visualization was performed using phosphoimaging. Stability of the protein-DNA complex aer click reaction of the DNA (Fig. 9b and S9 †) . The reaction mixtures for p53CD_GST protein binding (10 mL) were prepared from the puried PEX-product (5 mL, 10 ng ml À1 ), 50 mM KCl, 5 mM tris pH 7.6 and p53CD_GST stock solution (750 ng ml À1 , 25 mM
Hepes pH 7.6, 200 mM KCl, 10% glycerol, 0.1 mM PPh 3 ; 1.2 equiv.). A control sample was prepared analogously without p53CD_GST. The samples were incubated for 45 min on ice and then 4-nitrophenylacetylene (10 mM in MeOH, 0.75 mL), CuBr (100 mM in DMSO-tBuOH 3 : 1, 0.75 mL), TBTA (1 mM in DMSOtBuOH 3 : 1, 0.4 mL), sodium ascorbate (5 mM in water, 0.2 mL), KCl (50 mM, 1.5 mL) and tris (5 mM, pH 7.6, 1.5 mL) were added and the reaction mixture was incubated at 20 C for 1 h. Then glycerol was added (60%, 2 mL) and a part of the reaction mixture (3 mL) was separated by use of a 6% native PAGE (acrylamide/bisacrylamide 37.5 : 1; 4 C, 400 V/2.5 hours).
Visualization was performed using phosphoimaging. For the electrochemical measurements we applied the same conditions described above but in higher scale (increased 5 times), using three parallel samples for exact comparison (DNA mixed with binding protein, control sample -DNA mixed with BSA). BSA was used as control protein.
Electrochemical analysis. Nucleosides, dNTPs and other building blocks were analyzed using conventional in situ cyclic voltammetry (CV). The PEX products were analyzed using ex situ (adsorptive transfer stripping, AdTS) CV or square-wave voltammetry (SWV). The PEX products (puried in their singlestranded form using streptavidin-coated magnetic beads or in their double-stranded forms using a Qiagen Nucleotide Removal Kit) were accumulated at the surface of a working electrode (hanging mercury drop electrode, HMDE) for 60 s, from 5 mL aliquots containing 0.2 M NaCl. The electrode was then rinsed with deionized water and placed into a electrochemical cell. CV settings: scan rate 1 V s À1 , initial potential 0.0 V, for switching potentials see gure legends. SWV settings: initial potential 0 V, for nal potentials see gure legends; frequency 200 Hz, amplitude 50 mV. Background electrolyte: 0.5 M ammonium formate, 0.05 M sodium phosphate, pH 6.9. All measurements were performed at room temperature using an Autolab analyzer (Eco Chemie, The Netherlands) in connection with VA-stand 663 (Metrohm, Herisau, Switzerland). The threeelectrode system was used with a Ag/AgCl/3 M KCl electrode as a reference and platinum wire as an auxiliary electrode.
Measurements of reduction signals were performed aer deaeration of the solution by argon purging.
